Despite the haemodynamic effects of anaesthetic agents and ancillary drugs such as the ganglion blockers, comparatively little has been reported on the changes in peripheral blood flow following the use of these agents in man. This may be because of the inconvenience of using such methods as plethysmography or radioactive clearance techniques during surgery. This paper describes a heat clearance technique which has been investigated for accuracy and convenience, using an artificial test system.
The theory of heat clearance was first described by Gibbs (1933) . If a constantly heated body is placed within a tissue it will achieve an equilibrium temperature which will depend on the rate of heat loss by conduction through static tissue and by "convection" of blood through the tissue affected by the heater. Since heat loss through static tissue is constant, variation in temperature of the heated body depends only on tissue blood flow.
The heated body may be the tip of a needle (needle electrode) or a small metal disc which can be closely applied to tissue surfaces (surface electrode). Heating is achieved by passing an electric current through a heater wire. Since for a given electrode the heat produced depends only on the square of the current, a constant heat supply can be achieved by maintaining the heating current at a constant level. Grayson (1952) used a needle containing a heater and a measuring thermojunction, the reference thermoj unction being situated externally. Hensel and Reuf (1954) described a needle where the reference thermojunction as well as the measuring junction was contained within the needle beyond the range of the heater, thereby compensating for any changes in actual tissue temperature. Mowbray (1959) described a needle of similar design but of narrower diameter, which produced less distortion of tissues and an improved absolute calibration. A surface electrode using three thermocouples in series was described by Hensel and Bender (1956) .
APPARATUS
The apparatus used ( fig. 1 ) was the basic unit of the Fluvograph.* This contains stabilized mains units supplying currents from 0 to 30 mA for the heaters and compensating voltages from 0 to 500 fxV which can be used to back off the thermocouple outputs. Heater currents and compensating voltages can be read on a single light spot galvanometer incorporated in the basic unit. A separate Tinsley MR4 galvanometer was used as a null detector. The electrodes were supplied with the basic unit and were similar to those described by Hensel and Reuf (1954) and Hensel and Bender (1956) .
The test system.
The test system was fashioned from a Y-type Baxter infusion set ( fig. 2) . A window was cut in the drip chamber and the plastic ball removed. The chamber was then packed lightly with fibreglass wool and the window sealed either with waterproof adhesive strapping (Sleek) or with a thin polyethylene membrane. The chamber was perfused from a standard transfusion bottle with water at room temperature, care being taken to remove all air bubbles from the interstices of the fibreglass.
FIG. 1
The heat clearance apparatus. The top shelf houses the basic unit of the Fluvograph; the lower the null detection galvanometer.
METHOD
The needle was inserted into the chamber from below upwards and the surface electrode placed perpendicular to the direction of flow in three positions: (1) over the thick p.v.c. of the chamber; (2) over a window of waterproof adhesive strapping; (3) over a thin polyethylene window. Following application of the electrodes the whole chamber was wrapped in a layer of cotton wool to provide thermal insulation.
Stability.
Following the recommended 1 hour warm-up period the heating current was switched to the electrodes and the thermocouple outputs balanced by the compensating potentiometers, flow through the chamber being switched off. Readings were taken at 5-minute intervals for 1 hour.
Linearity.
Flow through the chamber was altered by means of a fine control damp on the tubing. When a steady reading was obtained this was noted, the flow rate was counted in drops per minute and a check was made that the reading was unchanged. In this way the relationship between flow rate and temperature output was obtained over a range of 0-140 drops per minute. This was repeated with the needle electrode at two different current levels and with the surface electrode over the three types of "window".
Response time.
An attempt was made to assess the response time of the two electrodes although without a recorder the times can only be regarded as approximations. 
The effect of changing perfusate temperature.
A second bottle of water at approximately 40° C was attached to the second limb of the Y-type drip set so that the temperature of the perfusate could be suddenly altered by about 20 °C. Flow rate was set at a steady level and the temperature output of the electrodes measured. Perfusion was suddenly changed to the high temperature bottle leaving the flow rate undisturbed and the changes in temperature output of the electrodes observed. Table I and figure 3 show the stability results in tabular and graphic form. Tables n, in and IV show results for the linearity experiments. Figures  4 and 5 show the graphs of flow rate against temperature output. In figures 6 and 7 the temperature outputs have been converted to apparent thermal conductivities using the nomograms supplied with the apparatus.
RESULTS

Response time.
The response of the electrodes approached their ultimate value exponentially. The needle electrode gave an almost complete response in 30 seconds and the surface electrode an almost complete response in 45 seconds.
The effect of temperature.
As the "warm front" moved through the chamber both electrodes deflected violently to immeasurable values, but as a homogeneous temperature was again established readings returned to within 0.1 °C of the original value. 
DISCUSSION
Stability.
The stability experiment (table I and fig. 3 ) showed diat the needle electrode had a maximum drift of 0.08 °C. Since the needle was insulated by the glass fibre within the chamber as well as the cotton wool externally it is reasonable to assume that heat loss from the chamber was constant and that drift was due to electrical instability within the basic unit. Instability was greatest at the beginning of the experiment, suggesting diat the warm-up period may not have been adequate.
Work to be published with the electrode in human muscle showed that a drop from normal resting flow to zero flow produced an output Linearity. The variation of apparent thermal conductivity with flow, using the surface electrode over three types of "window" in the test circuit.
difference of about 0.1°C, hence instability of 0.08 °C is appreciable. Baseline drift was, however, very slow and in situations where the blood supply could be readily cut off by tourniquet, such as the limbs, this could be readily compensated by taking a reading at zero blood flow after every reading. Using the surface electrode, maximum drift was of die same order (0.05 °C) and was again at its worst earlier in die experiment. Because of die banked thermocouples in the surface electrode, however, drop from normal skin flow to zero flow produced an output of 0.2 to 0.3 °C, hence instability was a much smaller fraction of the response and zero calibration may not be required so frequendy.
Thermal conductivity in cal/cm/sec/oc x io 4 c =19m.a. 
85-
Linearity.
Surface electrode. Figure 4 shows that within the stability limits of the previous experiment the relationship between temperature and flow is linear for all three types of "window" used. Conversion of temperature outputs to apparent thermal conductivities in figure 6 does nothing to improve linearity. It would therefore seem reasonable to use the output of the electrode as a direct indication of flow. Figure 5 , however, shows that the output of the needle electrode is distinctly non-linear with flow over the range used. Conversion of the outputs to apparent thermal conductivities improves linearity considerably ( fig. 7) . When it is considered that the range of flows encountered in human muscle is likely to be considerably less than the range used in this experiment no great error will be introduced if the relationship between flow and apparent thermal conductivity it taken to be linear.
The effect of temperature.
Since a 20° C change in perfusion temperature produced an output variation of less than 0.1 °C small changes in tissue temperature are very unlikely to affect the results. Even in hypothermia instability is likely to be a greater source of error than the effect of temperature itself. If hypothermia is induced by surface cooling, however, temperature gradients within the tissues might render the method valueless.
Convenience.
The main objection to the clinical use of plethysmography or radioactive clearance techniques is their inconvenience in use. Conventional plethysmography involves the use of bulky equipment on the limbs which may interfere with the operation if flow records are attempted during routine surgery. Strain gauge plethysmography reduces the bulk of equipment attached to the patient but is very sensitive to movement. Plethysmography is only applicable to limbs and cannot differentiate between changes in skin and muscle.
Radioactive tracer techniques involve the supply and storage of radioactive compounds apart from the ethical consideration of giving repeated doses of radioactivity to patients.
The present technique involves a minimum of equipment attached to the patient, is not easily upset by movement, and the tracer is readily generated on the spot where it is to be used. The 1 hour warm-up period was at first found to be a source of inconvenience. When the stability experiments suggested that a longer warm-up period might be advantageous this was eliminated by leaving the basic unit switched on all night prior to use.
CONCLUSIONS
These experiments suggest that the heat clearance technique may be of value in investigating blood flow changes during routine anaesthesia.
The 1 hour warm-up period recommended by the manufacturers can be lengthened with improved stability.
The output of the surface electrode is linear with flow over the full range tested. The output of the needle electrode, although non-linear with flow, is reasonably linear when converted to apparent thermal conductivities.
No attempt has been made to calibrate the electrodes in absolute terms, as for clinical purposes relative changes are probably adequate. In situations where the blood flow can readily be obstructed for short periods calibration can be easily carried out by taking a reading at 100 per cent blood flow followed by a reading at zero blood flow.
The fast response and relative instability of the instrument suggest that it can best be used to follow sudden changes produced by rapidly acting drugs. for the drawings and photographs. 
